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Abstract 
This investigation examined physiological and performance effects of cooling on recovery of 
medium-fast bowlers in the heat. Eight, medium-fast bowlers completed two randomized trials, 
involving two sessions completed on consecutive days (Session 1:10-overs and Session 2:4-
overs) in 31±3°C and 55±17% relative humidity. Recovery interventions were administered for 
20 min (mixed-method cooling vs. control) after Session 1. Measures included bowling 
performance (ball speed, accuracy, run-up speeds), physical demands (global positioning system, 
counter-movement jump), physiological (heart rate, core temperature, skin temperature, sweat 
loss), biochemical (creatine kinase, C-reactive protein) and perceptual variables (perceived 
exertion, thermal sensation, muscle soreness). Mean ball speed was higher after cooling in 
Session 2 (118.9±8.1 vs. 115.5±8.6 km
.
h
-1
; P=0.001;d=0.67), reducing declines in ball speed 
between sessions (0.24 vs. -3.18 km.h-1; P=0.03;d=1.80). Large effects indicated higher 
accuracy in Session 2 after cooling (46.0±11.2 vs. 39.4±8.6 AU; P=0.13;d=0.93) without 
affecting total run-up speed (19.0±3.1 vs. 19.0±2.5 km
.
h
-1
; P=0.97;d=0.01). Cooling reduced 
core temperature, skin temperature and thermal sensation throughout the intervention (P=0.001-
0.05;d=1.31-5.78) and attenuated creatine kinase (P=0.04;d=0.56) and muscle soreness at 24-h 
(P=0.03;d=2.05). Accordingly, mixed-method cooling can reduce thermal strain after a 10-over 
spell, improve markers of muscular damage and discomfort alongside maintained medium-fast 
bowling performance on consecutive days in hot conditions.   
 
 
 
Introduction 
Training and competition demands of medium-fast bowlers are often characterised by multiple 
and prolonged spells on consecutive days (Orchard, James, Portus, Kountouris & Dennis, 2009). 
Individual spells evoke pronounced physiological responses (Duffield, Carney & Karppinen, 
2009), reflective of the mechanical strain and eccentric loading (Bartlett, Stockill, Elliott & 
Burnett, 1996; Noakes & Durandt, 2000) associated with repeated high-intensity intermittent-
bouts (Petersen, Pyne, Dawson, Portus & Kellett, 2010). Competition scheduling in hot and 
humid conditions can also be unfavourable for bowling performance (Devlin, Fraser, Barras & 
Hawley, 2001), as physical demands are compounded by impaired heat loss mechanisms and 
increased heat strain (Gore, Bourdon, Woolford & Pederson, 1993; Noakes & Durandt, 2000).  
Cooling after exercise in the heat can reduce physiological and perceptual demands and improve 
subsequent exercise performance (Barwood, Davey, House, & Tipton, 2009; Vaile, Halson, Gill 
& Dawson, 2008a). Accordingly, medium-fast bowlers could benefit from recovery strategies 
after training and/or competition to alleviate thermal strain and optimise readiness for ensuing 
spells over consecutive sessions or days. 
 
Recovery strategies involving cold-therapy techniques are common in team sports (Montgomery 
et al., 2008; Rowsell, Coutts, Reaburn & Hill-Hass, 2009). In particular, cold-water immersion 
after exercise can alleviate physiological demands associated with heat strain, oedema, soreness 
and reduced contractile function (Peiffer, Abbiss, Watson, Nosaka & Laursen, 2010; Vaile et al., 
2008a; Wilcock, Cronin & Hing, 2006).  The underlying mechanisms of the ergogenic effects of 
cold therapy on exercise performance are equivocal, although they could reduce cardiovascular 
and thermal strain, inflammation, muscle damage responses and perceptual discomfort (Wilcock, 
Cronin & Hing, 2006). Until recently, few studies have examined effects of cooling interventions 
on recovery from exercise performed over consecutive days (King & Duffield, 2009; 
Montgomery et al., 2008; Rowsell et al., 2009); moreover, effects on sport-specific skill 
performance are unknown. Despite the high thermal conductivity of cold-water immersion 
providing an effective cooling technique (Hadad, Rav-Acha, Heled, Epstein, & Moran, 2004), 
logistical and environmental restrictions prevent widespread implementation in the field 
(Barwood et al., 2009). Accordingly, the combined use of multiple practical and portable cooling 
techniques (for example, ice-vests, ice-packs, and cool towels) could offer alternatives to cold-
water immersion and warrants investigation. Given an appropriate dosage of cold therapy is 
administered (Ranalli et al., 2010), mixed-method cooling could provide medium-fast bowlers 
with a practical recovery method wherever access to whole-body immersion techniques are not 
available.  
 
Sustained medium-fast bowling performance requires players repeatedly to accommodate 
physiological demands, often under climatic conditions of high thermal stress and with brief 
periods of recovery (Noakes & Durandt, 2000; Petersen et al., 2010). Accordingly, cold therapy 
could be suitable for medium-fast bowlers to reduce physiological and perceptual strain, and 
restore exercise performance (Wilcock, Cronin & Hing, 2006). No previous research has 
reported the effectiveness of mixed-method cooling on recovery of exercise performance over 
consecutive days or the effect of cooling after exercise on ensuing medium-fast bowling 
performance. Thus, the aim of the present study was to investigate physiological, perceptual and 
performance effects of mixed-method cooling on recovery after a 10-over medium-fast bowling 
spell in the heat.  
 
Methods 
Participants 
Eight, male medium-fast bowlers (mean ± standard deviation: age 23.3 ± 4.9 y; stature 187.8 ± 
5.9 cm; body mass 83.3 ± 7.3 kg; sum of seven skinfolds 67.8 ± 24.9 mm; Yo-Yo intermittent 
recovery test 18.1 ± 0.7) volunteered for this study. Participants were members of an Australian 
state squad, and completed training and competition six days a week. From these eight 
participants, six were full-time professional cricketers, with four having experienced age-group 
(Australia U’19’s) or full international competition. Approval for the study was provided by the 
Ethics in Human Research Committee of the University. 
 
Overview 
Using a randomised, repeated-measures cross-over design, participants completed two trials, 
with each condition (mixed-method cooling vs. control) involving two standardised testing 
sessions on consecutive days. Immediately after a 10-over bowling spell (Session 1), participants 
undertook a 20-min recovery intervention and returned 24 h later to complete an additional 4-
over bowling spell (Session 2). All bowling was standardised according to a modified version of 
the Cricket Australia-Australian Institute of Sport fast-bowling skills test (Portus, Timms, 
Spratford, Morrison & Crowther, 2010) conducted in environmental conditions of 30.4 ± 3.8°C, 
55.7 ± 13.6% relative humidity and 31.2 ± 1.9°C, 53.6 ± 23.8% relative humidity for Sessions 1 
and 2, respectively. Participants refrained from strenuous exercise and alcohol 24 h before, and 
all caffeine and food substances 3 h before each testing session. Self-reported physical activity 
and dietary records were completed for the 24 h before exercise for the initial trial and replicated 
thereafter. Data collection was completed in-season and trials were separated by at least seven 
days.  
 
Exercise protocol 
Participants completed a standardised 10-min warm-up (jogging, stretching and practice 
deliveries) as completed in match conditions. Subsequently, a 10-over bowling spell (60 balls) 
was completed using a new 156-g four-piece cricket ball (Club Match, Kookaburra, Melbourne, 
Australia) in an outdoor turf-net facility. The bowling spells incorporated an adaptation of the 
Cricket Australia-Australian Institute of Sport fast-bowling skills test, whereby participants 
completed a randomised assortment of short-, good-, and full-length deliveries on off-stump and 
leg-stump lines at match intensities. The successful execution of each delivery was assessed via 
observation according to its relative proximity to corresponding 20 x 20-cm grids highlighted on 
a vertical target on the popping crease at the batsman’s end. Bowling in pairs and alternating 
overs, participants completed physical activities between overs to simulate fielding activities as 
previously reported (Duffield, Carney & Karppinen, 2009; Minett, Duffield, Kellett & Portus, 
2012). Specifically, these activities included the completion of a 10-m walk on each delivery and 
a 20-m sprint on the 2
nd
 and 4
th
 ball of each over. A standardised 600 mL of water was consumed 
throughout the bowling spell and all procedures were repeated for the 4-over bowling spell (24 
balls) the following day. Bowling spells were limited in Session 2 to simulate the scheduling of 
One day and Twenty20 matches on consecutive days that is encountered in professional cricket.  
 
Cooling intervention 
Recovery treatments were administered 10 min after completion of the 10-over bowling spell 
(Session 1) and maintained for 20 min while participants rested passively in a seated position. 
Cooling was performed using a mixed-method technique, whereby a towel soaked in cold water 
(5.0 ± 0.5°C) was worn over the head, neck and shoulders, an ice-vest covered the torso (Arctic 
Heat, Brisbane, Australia) and ice-packs were applied to the quadriceps and hamstrings (Techni 
Ice, Frankston, Australia). The ice-vest and ice-packs were frozen at -20°C before application. 
This cooling strategy was selected as an alternative to cold-water immersion and was designed to 
minimise environmental (water access) and logistical constraints (cooling a full team), improve 
portability and reduce reliance on inadequate facilities when travelling (Duffield, Steinbacher & 
Fairchild, 2009). Participants received no cooling stimulus and sat passively for 20 min in 
change room conditions during control trials.  
 
Performance measures 
All deliveries were monitored for ball speed and accuracy during each bowling spell. Ball speed 
was determined using a cordless radar gun (R1010, JUGS Sports, Tualatin, USA) positioned 
approximately 5 m behind the bowler's arm and aimed to determine ball speed at the point of 
release. Bowling accuracy was assessed according to a numerical value (0-100 arbitrary units 
[AU]) scaled relative to the participant’s ability to hit tester-instructed grid-based targets as per 
the Cricket Australia-Australian Institute of Sport fast-bowling skills test (Portus et al., 2010). 
Total run-up and final 5-m run-up speeds were recorded with a wireless infra-red timing system 
(Brower Timing Systems, Draper, USA).  
 
Participants wore a 5-Hz global positioning system device (SPIelite, GPSports, Canberra, 
Australia) harnessed between the superior sections of the scapular to record distance and speed 
throughout the bowling spells.  Global-positioning-system data were analysed at the conclusion 
of each session using Team AMS software (Version 2.1, GPSports, Canberra, Australia) and 
categorised as low-intensity activity (< 7.0 km
.
h
-1
), moderate-intensity activity (7.0 – 14.4 km.h-
1
), high-intensity activity (> 14.5 km
.
h
-1
) and very-high intensity activity (> 20 km
.
h
-1
) (Duffield, 
Carney & Karppinen, 2009; Rampinini, Coutts, Castagna, Sassi & Impellizzeri, 2007). 
 
Counter-movement jump height was assessed from time in flight using an Optojump photocell 
system (Microgate, Bolzano, Italy) before and after Session 1, 1 h after Session 1, and before and 
after Session 2. From an upright position, participants were instructed to place their hands on 
their hips to eliminate arm swing and complete 10 maximal counter-movement jump efforts. No 
instruction was provided with regards to counter-movement depth or contraction speed. This 
method is reported as a valid (intra-class correlation coefficient= 0.998) and reliable (intra-class 
correlation coefficient= 0.989; coefficient of variation= 2.2%) measure of counter-movement 
jump height (Glatthorn, Gouge, Nassbaumer, Stauffacher, Impellizzeri & Maffiuletti, 2011). 
 
Physiological measures 
Participants ingested a telemetric core-temperature capsule (VitalSense, Mini Mitter, Bend, 
USA) approximately 5 h before Session 1 to ensure passage into the gastrointestinal tract. A mid-
stream urine sample was collected on arrival for the determination of urine specific gravity 
(PAL-10S, Atago Co. Ltd., Tokyo, Japan) and nude body mass was determined before and after 
each session to the nearest 0.05 kg using electronic scales (WW114A, Conair Corp., Stamford, 
USA) to estimate sweat loss. Participants were fitted with a heart rate monitor (RS400, Polar 
Electro Oy, Kempele, Finland) and skin sites marked at the sternum, mid-forearm, mid-
quadriceps and medial calf for determination of temperature with an infra-red thermometer 
(ThermoScan 3000, Braun, Kronberg, Germany) (Burnham, McKinley & Vincent, 2006). Heart 
rate and core temperature responses were recorded before and after each over and at 10 min 
intervals throughout the recovery protocol.  The skin temperature measures were assessed before, 
during and after the bowling spell, every 10 min during the intervention period and 1 h after the 
end of Session 1 and before and after Session 2. The weighted-mean skin temperature values 
were calculated as per Ramanathan (1964).  
 
Given the high physical demands of medium-fast bowling, blood samples were drawn from a 
superficial forearm vein before, after and 24 h after Session 1 to determine time-course changes 
in creatine kinase, and C-reactive protein, as indirect indicators of muscle damage and 
inflammation. All samples were drawn directly into serum separator tubes (BD Vacutainer, 
North Ryde, NSW, Australia) using standard venipuncture techniques and centrifuged at 4000 
rpm for 10 min. To avoid inter-assay variation, the serum was stored at -20°C and analysed in a 
single run once all specimens had been collected. Biochemical profiles were obtained according 
to the manufacturer’s instructions (Siemens Healthcare Diagnostics Inc., Newark, USA) and 
intra-assay coefficients of variation ranged from 0.8 – 5.2%.  
 
Perceptual measures 
Ratings of perceived exertion (Borg CR-10 scale) were recorded after each over. Subjective 
ratings of thermal stress (0= unbearably cold – 8= unbearably hot) were assessed throughout the 
bowling spell (before, during, and after), every 10 min during the recovery intervention and 1 h 
after the initial bowling spell. Further, perceived muscle soreness (0= normal – 10= extremely 
sore) was assessed before, after, 1 h after and 24 h after the 10 over bowling spell.  
 
Statistical Analysis 
Data are reported as mean ± standard deviation. A fully-within groups factorial ANOVA 
compared groups by time. Confidence interval adjustments were completed with a Fisher’s least 
significant difference. Significance was accepted where P < 0.05. Results were analysed with the 
Statistical Package for Social Sciences (SPSS v 17.0, Chicago, USA). The magnitudes of 
differences are expressed as standardised effect sizes (Cohen’s d; Cohen, 1988). Effect sizes of < 
0.20 are classified as ‘trivial’, 0.20 – 0.49 as ‘small’, 0.50 – 0.79 as ‘moderate’, and > 0.80 as 
‘large’ effects.  
 
Results 
Performance  
Mean ball speed (cooling 118.7 ± 7.9 km
.
h
-1
 vs. control 118.0 ± 8.0 km
.
h
-1
; P= 0.47; d= 0.12) 
and peak ball speed (cooling 125.8 ± 6.6 km
.
h
-1
 vs. control 125.0 ± 7.0 km
.
h
-1
; P= 0.29; d= 0.16) 
did not differ between conditions during Session 1. Further, mean ball speeds did not differ 
between conditions in Session 1 during each individual over (Figure 1A; P= 0.07 – 0.57; d= 0.01 
– 0.37); though peak ball speeds were greater at Over 1 (Figure 1B; P= 0.01; d= 0.44) and Over 
7 (P= 0.03; d= 0.34) during cooling trials. Mean ball speed (cooling 118.9 ± 8.1 km
.
h
-1 
vs. 
control 115.5 ± 8.6 km
.
h
-1
; P= 0.001; d= 0.67) and peak ball speed (cooling 124.9 ± 9.1 km
.
h
-1 
vs. control 120.6 ± 9.1 km
.
h
-1
; P= 0.004; d= 0.76) were greater in Session 2 during cooling trials. 
Further, there was a large effect size for cooling to maintain mean ball speed between conditions 
(cooling 0.24 ± 2.50 km
.
h
-1
 vs. control -3.18 ± 2.86 km
.
h
-1
; P= 0.26; d= 1.07). Specifically, mean 
ball speeds were greater during each over in Session 2 in the cooling condition (P= 0.001 – 0.01; 
d= 0.53 – 0.77), with peak ball speed greater at Over 1 (P= 0.04; d= 0.64), Over 2 (P= 0.01; d= 
0.73) and Over 4 (P= 0.001; d= 1.05). There were no differences between conditions in mean 
bowling accuracy in Session 1 (cooling 48.0 ± 9.7 AU vs. control 46.6 ± 5.9 AU; P= 0.61; d= 
0.24); though large effect sizes indicated that mean bowling accuracy was greater at Over 6 (P= 
0.28; d= 0.86) and Over 8 (P= 0.15; d= 0.99) but less at Over 10 (P= 0.06; d= 0.93) in cooling 
trials. Importantly, a large effect size indicated higher mean bowling accuracy in the cooling trial 
during Session 2 (cooling 46.0 ± 11.2 AU vs. control 39.4 ± 8.6 AU; P= 0.13; d= 0.93), most 
notably in Over 1 (P= 0.25; d= 0.90). Further, a large effect size indicated a greater maintenance 
of mean bowling accuracy between sessions in the cooling condition (cooling -1.98 ± 6.39 AU 
vs. control -7.23 ± 7.42 AU; P= 0.26; d= 1.07). 
 
There were no differences and only trivial-to-moderate effect sizes for mean run-up speed 
(cooling 19.1 ± 2.4 km
.
h
-1 
vs. control 20.3 ± 3.6 km
.
h
-1
; P= 0.45; d= 0.55) and mean final 5 m 
run-up speed (cooling 20.8 ± 1.3 km
.
h
-1 
vs. control 20.9 ± 1.8 km
.
h
-1
; P= 1.00; d= 0.03) between 
conditions during Session 1. Similarly, mean run-up speed (cooling 19.0 ± 3.1 km
.
h
-1 
vs. control 
19.0 ± 2.5 km
.
h
-1
; P= 0.97; d= 0.01) and mean final 5 m run-up speed (cooling 20.0 ± 1.6 km
.
h
-1 
vs. control 19.6 ± 1.5 km
.
h
-1
; P= 0.19; d= 0.38) did not differ between conditions in Session 2. 
Mean run-up speed within-conditions did not differ between sessions (P= 0.14 – 0.97; d= 0.05 – 
0.58); although, mean final 5-m run-up speeds were largely reduced from Session 1 to Session 2 
in control trials (P= 0.04; d= 1.05), but only moderately reduced in the cooling condition (P= 
0.19; d= 0.77). 
 
The time-motion demands of Session 1 and Session 2 are presented in Table 1. There were no 
differences and trivial-to-moderate effect sizes between conditions for any mean total or 
categorised distances covered (P= 0.11 – 1.00; d= 0.03 – 0.39). However, mean peak 20-m sprint 
speeds between overs were greater in cooling trials after Over 2 (P= 0.04; d= 1.03), Over 3 (P= 
0.003; d= 1.00) and Over 4 (P= 0.02; d= 1.43) in Session 2. Mean counter-movement jump 
height did not differ between conditions at any time point in either Session 1 or 2 (Figure 3; P= 
0.25 – 0.88; d= 0.03 – 0.30). Nevertheless, cooling reduced counter-movement jump height 1h 
after the bowling spell over resting values (P= 0.02; d= 1.08). 
 
Physiological 
While there were no differences in mean heart rate response between conditions during either 
bowling Session (Figure 4A; P= 0.40 – 0.97; d= 0.01 – 0.53), Session 1 values were greater than 
those recorded in Session 2 across both trials (P= 0.002 – 0.04; d= 0.81 – 1.28). There were no 
differences and trivial-to-moderate effect sizes between conditions in core temperature (Figure 
4B; P= 0.14 – 1.00; d= 0.02 – 0.60) or skin temperature (Figure 4C; P= 0.39 – 0.67; d= 0.25 – 
0.36) throughout bowling efforts. Cooling reduced core temperature (P= 0.04 – 0.05; d= 1.31 – 
1.50) and skin temperature (P= 0.0001; d= 5.78) during the intervention period, with large effect 
sizes highlighting continued thermoregulatory effects 1 h after the bowling spell (P= 0.15 – 0.26; 
d= 0.90 – 1.15). There were no differences in urine specific gravity between conditions for 
Session 1 (cooling: 1.014 ±0.006 vs. control: 1.013 ± 0.005; P= 0.91; d= 0.004) or Session 2 
(cooling: 1.013 ±0.006 vs. control: 1.013 ± 0.005; P= 0.78; d= 0.01). Further, mean changes in 
nude body mass before and after the bowling spell did not differ between conditions for Session 
1 (cooling: 2.45 ± 0.68 kg vs. control 2.21 ± 0.57; P= 0.27; d= 0.38) and Session 2 (cooling: 1.08 
± 0.44 kg vs. control 1.14 ± 0.19; P= 0.70; d= 0.13). Creatine kinase concentrations did not differ 
between conditions before or after the 10-over bowling spell (Figure 5A; P= 0.55 – 0.87; d= 0.04 
– 0.22); but were lower in the cooling condition 24 h after the 10-over spell (P= 0.04; d= 0.56). 
There were no differences  in C-reactive protein between conditions or over time (Figure 5B; P= 
0.40 – 0.76; d= 0.08 – 0.17). 
 
Perceptual 
Ratings of perceived exertion did not differ between conditions during Session 1 or Session 2 
(Figure 6A; P= 0.13 – 0.80; d= 0.09 – 0.72), although overall mean values were greater across 
both trials in Session 2 than corresponding overs in Session 1 (P= 0.004 – 0.03; d= 1.36 – 2.04). 
There were no differences and only small-to-moderate effect sizes in thermal sensation between 
conditions during either bowling spell (Figure 6B; P= 0.17 – 0.84; d= 0.15 – 0.73). However, 
cooling reduced thermal sensation during the intervention period (P= 0.001; d= 3.35 – 3.36), 
with a large effect size indicating sustained lowering of thermal sensation 1 h after the 10-over 
spell (P= 0.07; d= 1.13). Finally, perceived muscle soreness did not differ between conditions in 
Session 1 (Figure 6C; P= 0.23 – 1.00; d= 0.001 – 0.05), though was largely attenuated with 
cooling 1 h (P= 0.29; d= 0.81) and 24 h after the bowling spell (P= 0.03; d= 2.05). 
 
Discussion 
This investigation examined the influence of mixed-method cooling on recovery of bowling 
performance and physiological and perceptual responses after a 10-over medium-fast bowling 
spell in the heat. Notably, data demonstrated that cooling maintained skill-specific (ball speed 
and accuracy) and physical performance (20-m sprint speed and final 5-m run-up speed) in an 
ensuing bowling spell the following day. Cooling effectively reduced thermal demands (heart 
rate, core temperature, skin temperature and thermal sensation) during the intervention period 
and ameliorated perceived muscle soreness and the rise in creatine kinase 24 h after Session 1. 
These findings demonstrate the potential benefits of cooling on recovery after medium-fast 
bowling in hot conditions, while also highlighting the effectiveness of mixed-method strategies 
as a practical cooling intervention in applied settings. 
 
While medium-fast bowlers can maintain ball speeds and accuracy during repeated (Duffield et 
al., 2009) and extended bowling spells of up to 12 overs (Burnett, Elliot & Marshall, 1995; 
Portus, Sinclair, Burke, Moore & Farhart, 2000), the present study is the first to report a 
reduction in bowling performance over consecutive days in the heat. Heat strain and involuntary 
dehydration associated with cricket (Gore et al., 1993) have been  reported as detrimental to 
acute skill performance during bowling spells of six overs after prior activity in the heat (Devlin 
et al., 2001). Further, the present data also suggest some contribution from residual fatigue in 
reducing medium-fast bowling performance on consecutive days in hot conditions. Specifically, 
reduced ball speeds are most directly affected on consecutive days, although the variability in 
bowling accuracy reported here could have masked improvement after an enhanced 
physiological and perceptual recovery. Given the improvement in bowling speeds on consecutive 
days after mixed-method cooling recovery (Figure 1), such interventions could preserve ensuing 
bowling performance, demonstrating the potential benefit of cooling strategies for cricket. These 
findings suggest benefits for prolonged duration (4-5 days) and unlimited bowling demands of 
first-class competition.  
 
Anecdotal evidence suggests an association between a controlled, ‘rhythmical’ run-up and 
ensuing ball speed and accuracy (Woolmer, Noakes & Moffett, 2008). Moreover, ball speeds are 
associated with lower-body strength (Pyne, Duthie, Saunders, Petersen & Portus, 2006) and 
horizontal speed preceding the delivery stride (Duffield et al., 2009; Glazier, Paradisis & Cooper, 
2000; Salter, Sinclair & Portus, 2007). Although medium-fast bowling performance was 
maintained with mixed-method cooling in Session 2, full run-up speeds did not differ between 
conditions in Session 2 (Figure 1D). Further, reduced final 5-m run-up speeds between sessions 
in the control condition could represent reduced speed into ball delivery and a functional decline 
in bowling performance over consecutive days (Woolmer, Noakes & Moffett, 2008).  
Nevertheless, no change in run-up speeds between conditions, but reduced ball speed under 
control conditions, implies reduced effectiveness during the delivery stride, probably because of 
reduced force production in trunk flexion, rotation and/or lower-limb angular velocity during 
delivery (Portus et al., 2000). Accordingly, cooling interventions used after medium-fast bowling 
could improve perceptual and/or physiological recovery, which in turn could maintain delivery-
stride speed and/or trunk force production during bowling on consecutive days.  
 
High physiological demands and inadequate recovery between exercise bouts increase residual 
fatigue, ultimately reducing physical performance (Spencer et al., 2005) and increasing risk of 
injury (Orchard et al., 2009). While the benefits of cooling on recovery of exercise performance 
are equivocal (Vaile, Halson, Gill & Dawson, 2008b), the current data demonstrate the 
effectiveness of  mixed-method cooling to maintain peak 20-m sprint speeds in Session 2 (Table 
1). However, there were no differences in counter-movement jump height at 24 h (Figure 2), 
despite marked muscle damage and perceptual soreness experienced. These factors appear 
inconsequential to jump performance and indicate the capacity for athletes to maintain brief, 
high-intensity efforts regardless of recovery strategies the following day (Dawson, Gow, Modra, 
Bishop & Stewart, 2005; King & Duffield, 2009). Indeed, improved physiological and perceptual 
states after mixed-method cooling might be ergogenic only when exercise (test) durations are 
extended. Given the low specificity to the bowling action, the present counter-movement jump 
protocol could be insensitive to altered functional capacity after medium-fast bowling 
performance and repeated, intermittent efforts have greater relevance in cricket. 
 Medium-fast bowling elicited similar cardiovascular (~75 – 85% of maximal heart rate) and 
thermoregulatory (core temperature ~38.6°C) responses during a 10-over bowling spell as those 
previously reported (Figure 3) (Burnett et al., 1995; Devlin et al., 2001; Duffield et al., 2009). 
Further, marked sweat losses incurred during an extended spell in the heat (2.6 – 2.9% of body 
mass) emphasise challenges to the maintenance of hydration status in cricketers (Gore et al., 
1993). Regardless, mixed-method cooling administered after the bowling spell reduced thermal 
strain and lowered core temperature and skin temperature for the duration of the intervention 
period. The application of cold therapies (in greater volumes) hastens the reduction of 
physiological and thermoregulatory demands after exercise (Vaile et al., 2008a; Pointon, 
Duffield, Cannon & Marino, 2011). Similarly, a greater reduction in core temperature with 
mixed-method cooling occurred (~0.35°C), which is comparable to those demonstrated using 
cold-water immersion techniques over the same 20-min intervention period (Pointon et al., 
2011). Consequently, mixed-method cooling using multiple portable and practical techniques 
presents an effective strategy for faster thermoregulatory recovery after medium-fast bowling 
performance in field-based settings. 
 
Noakes and Durandt (2000) highlighted muscle damage incurred via the eccentric demands of 
the medium-fast bowling.  In the present study, indirect markers of muscle damage (creatine 
kinase) and inflammation (C-reactive protein) were increased immediately after the 10-over spell 
(Figure 4).  Further increases in creatine kinase were attenuated at 24 h in the cooling trial, 
without differences in C-reactive protein concentrations. Vasoconstriction associated with 
cooling is thought to decrease permeability of the cellular membrane, reducing interstitial protein 
release and slowing uptake by the lymphatic system (Bailey et al., 2007; Eston & Peters, 1999). 
While these attenuated creatine kinase responses after cooling support previous research (Eston 
& Peters, 1999; Ingram, Dawson, Goodman, Wallman & Beilby, 2009; Pournot et al., 2011), the 
relationship between creatine kinase efflux and exercise performance is tenuous (Byrne, Twist & 
Eston, 2004). Nevertheless, mixed-method cooling after medium-fast bowling in the heat  eases 
biochemical perturbations and allows the commencement of ensuing exercise in an enhanced 
physiological state. Whether this improved muscle damage contributes to the 
prevention/development of injury noted with increases in acute bowling loads is an avenue for 
future investigation (Orchard et al., 2009). 
 
Increasing perceptual demands (perceived exertion, thermal sensation and muscle soreness) 
occurred throughout the 10-over spell, though perceptual demands were eased with cooling 
recovery, as inferred from lowered ratings of effort and soreness at 24 h (Figure 6). Cooling 
strategies applied after exercise alleviate perceptual strain in repeated bouts of team-sport 
exercise (King & Duffield, 2009; Montgomery et al., 2008; Rowsell et al., 2009; Rowsell, 
Coutts, Reaburn & Hill-Hass, 2011), possibly because of greater neuromuscular recovery and/or 
analgesic effects of cooling (Bailey et al., 2007). Regardless, cooling could increase the 
perceptual readiness of the bowler to commence an ensuing spell, as reduced muscle soreness 
and/or lowered perceived exertion for a given bout assists maintenance of exercise performance 
on consecutive days (Rowsell et al., 2011). However, familiarity and prior acceptance of cooling 
as an effective recovery method also suggest that a placebo effect cannot be overlooked 
(Hornery, Papalia, Mujika & Hahn, 2005). Nevertheless, these results underline the perceptual 
benefits of a mixed-method cooling recovery, and help maintain medium-fast bowling 
performance in the heat on consecutive days. 
 
In summary, the results demonstrate the recovery benefits of mixed-method cooling for medium-
fast bowling performance on consecutive days after a 10-over spell in hot conditions. Cooling 
counteracts thermoregulatory and perceptual demands after exercise, alongside reduced creatine 
kinase concentrations and lower perceived exertion and muscle soreness at 24 h.  Accordingly, 
these effects maintain ball speed and accuracy, further sustaining optimal movement speeds 
achieved during the final 5-m of the bowler’s run-up and between-over simulated fielding 
activities. Importantly, the efficacy of a mixture of smaller cooling modalities to create a larger 
stimulus presents a practical alternative to cold-water immersion after exercise in the heat; 
particularly in locations where sufficiently clean or cold water is not available. Finally, field-
based practitioners should use and manipulate mixed-method cooling to create recovery 
strategies best suited to individual, environmental and logistical constraints. 
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Table captions  
Table 1: Mean ± standard deviation time-motion analysis of selected movement patterns, 
distances covered and peak sprint speed achieved between overs during medium-fast bowling 
spells on consecutive days. * indicates a difference between conditions (P < 0.05). ^ indicates a 
large effect size between conditions (d > 0.80). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure captions 
Figure 1: Mean ± standard deviation ball speed, peak ball speed and bowling accuracy per over 
during repeated bowling spells on consecutive days. * indicates a difference between conditions 
(P < 0.05). ^ indicates a large effect size between conditions (d > 0.80). 
Figure 2: Overall total run-up and final 5 m run-up speeds for each ball of a repeated bowling 
spells on consecutive days.  
Figure 3: Mean ± standard deviation counter-movement jump height between conditions. 
#
 
indicates a difference compared to pre values (P < 0.05). 
Figure 4: (A) Mean ± standard deviation heart rate, (B) mean ± standard deviation core 
temperature and (C) mean ± standard deviation skin temperature between conditions. * indicates 
a difference between conditions (P < 0.05). 
Figure 5: (A) Mean ± standard deviation creatine kinase and (B) mean ± standard deviation C-
reactive protein between conditions. * indicates a difference between conditions (P < 0.05). 
Figure 6: (A) Mean ± standard deviation rating of perceived exertion and (B) mean ± standard 
deviation thermal sensation scale and (C) mean ± standard deviation muscle soreness between 
conditions. * indicates a difference between conditions (P < 0.05). 
 
 
 
 
 
 
 
Table 1 
 Session 1  Session 2  
 Control Cooling Control Cooling 
Distance (m)     
Total 8676 ± 1295 8684 ± 1061 3462 ± 645 3424 ± 521 
Very-high-intensity activity 738 ± 550 704 ± 503 264 ± 211 282 ± 199 
High-intensity activity 1656 ± 427 1658 ± 314 650 ± 166 647 ± 144 
Moderate-intensity activity 1019 ± 379 951 ± 106 373 ± 54 371 ± 37 
Low-intensity activity 5263 ± 649 5371 ± 332 2175 ± 343 2125 ± 191 
 
Speed (m
.
s
-1
) 
    
Very-high-intensity activity 5.80 ± 0.89 5.83 ± 0.25 5.51 ± 0.27 5.75 ± 0.29 
High-intensity activity 5.28 ± 0.60 5.40 ± 0.38 5.10 ± 0.33 5.25 ± 0.28 
Moderate-intensity activity 3.03 ± 0.16 3.02 ± 0.10 3.03 ± 0.28 3.03 ± 0.11 
Low-intensity activity 1.02 ± 0.13 1.01 ± 0.08 1.05 ± 0.11 1.12 ± 0.23 
 
Peak sprint speed (km
.
h
-1
) 
    
Over 1 21.7 ± 2.5 21.6 ± 2.7 21.0 ± 1.9 21.6 ± 2.8 
Over 2 21.8 ± 3.2 21.8 ± 3.2 20.1 ± 2.1 21.6 ± 2.1
*^
 
Over 3 21.5 ± 3.6 22.0 ± 3.2 20.3 ± 2.6 22.2 ± 2.3
*^
 
Over 4 22.0 ± 3.1 22.4 ± 2.3 19.9 ± 2.2 22.1 ± 1.7
*^
 
Over 5 21.2 ± 3.9 22.4 ± 2.9   
Over 6 21.0 ± 3.3 21.6 ± 2.4   
Over 7 21.5 ± 3.1 22.4 ± 3.6   
Over 8 21.3 ± 3.7 22.3 ± 3.2   
Over 9 21.9 ± 3.6 22.6 ± 4.2   
Over 10 22.4 ± 4.2 22.5 ± 3.9   
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